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ABSTRACT. Two newly developed Bacillus sphaericus larvicidal formulations, Vectolex CGo (comcob
granules) and Vectolex wDG@ (water dispersible granules), were tested agarnst Culex quinquefasciatz.s larvae
in 4 highly polluted breeding sites in Thailand. Vectolex CG, applied at rates of O.5-2 glrrf, gave satisfactory
to complete control of late-instar larvae and pupae for up to 4 wk after treatment. The Vectolex WDG, which
had higher potency and was applied at rates of0.l-0.5 g/m2, gave satisfactory control for 1-4 wk aftertreatment.
Among the factors influencing longevity of control were dosage of a given formulation, precipitation, and
flooding of the treated sites; the latter had the greatest impact. Presence of larvivorous fish did not seem to
influence larval populations because there were heavy populations of mosquito larvae present in the test sites
in the presence of moderate numbers of fish before the application of B. sphaericu.r treatments.
INTRODUCTION
Bacillus sphaericus Neide is a spore-forming
bacterium found commonly in soil, water, and other
substrates in nature. Most strains of this bactenum
are nonpathogenic to insects. However, in recent
years, a number of strains have been discovered
and isolated that produce parasporal toxins that are
toxic to larvae of several genera of mosquitoes. The
binary crystalline toxins produced by B. sphaericus
str un 2362 have high activity against larvae of Ca-
lex mosquitoes (Mulla 1991). A corncob granular
formulation of this strain with the trade name of
Vectolex CGo (Abbott Laboratories, North Chi-
cago, IL) was registered for mosquito control by
the United States Environmental Protection Agency
in 1991. This formulation and others are just now
becoming available for experimental use and for
the control of mosquitoes around the world.
Bacillus sphaericus formulations have been test-
ed and evaluated in a variety of habitats, especially
the breeding sites of Culex mosquitoes. Karch et al.
(1991) evaluated a granular formulation (Vectolex)
of this microbial larvicide against Anopheles gam-
biae Giles in clear water and Culex quinquefascia-
rzs Say in polluted water in Zme. 'Ihe granular
formulation was found to be higbly effective
against the polluted water mosquito. Similarly, B.
sphaertcus formulations were found to show good
activity against Anopheles stephensi Liston (Kumar
et al. 1994).
The most important and desirable attributes of a
microbial larvicide forrnulation are persistence and
recycling, as well as suspension of the particulate
toxins in the feeding zone of mosquito larvae. Un-
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fortunately, most evidence to date points out that
the toxin particles in currently available formula-
tions settle out from the feeding zone of larvae and
sink to the bottom of the water (Davidson et al.
1984, Mulla et al. 1988, Matanmi et al. 1990). Re-
cycling of B. sphaericrr.s at least under laboratory
conditions has been suggested by numerous work-
ers. Mosquito larval cadavers have been reported
to serve as substrates for spore production (Becker
et al. 1995, Correa and Yousten 1995). Nicolas et
al. (1987) reported persistence and recycling of B.
sphaericus in a field test in West Africa. The studies
of Skovmand and Bauduin (1997') clearly showed
the recycling of this agent where larvae were added
to treated regimens, the dead larvae acting as a me-
dium for the production of spores.
Because field studies on the persistence and lon-
gevity of larval control with B. sphaerbus formula-
tions, especially in polluted waters, are few, the pres-
ent snrdies were initiated to determine the efficacy of
2 newly developed formulations of B. sphaericus
against Culex larvae in higtrly polluted water habitats
in the Nonthaburi Province in the suburb of Bangkok.
To find the minimum effective dosage, various rates
of the experimental formulations were evaluated for
initial efflcacy as well as long-term control of mos-
quito larvae. The studies were initiated in August
1996 and continued into Januarv 1997.
MATERIALS AND METHODS
Four small breeding sites, of various surface ar-
eas, where heavy populations of Culex larvae pre-
vailed were selected for these studies. Mosquito lar-
vae breeding in these habitats were primarily C.r.
quinquefasciatus. T\e formulations evaluated and
the site descriptions are as follows.
Formulations
Vectolex CG corncob granules with 50 ITU/mg(lot no. 16-723-NB containing 7.5% of a technical
powder of B. sphaericus) and Vectolex WDG@ wa-
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ter dispersible granules with 350 ITU/mg (desig-
nated as ABG-6461, lot no. 21-105-BR) were pro-
vided by Abbott Laboratories. It should be noted
that the potency and characteristics of the Vectolex
corncob granules have changed over time, and the
new formulation evaluated here was different from
those studied earlier. The Vectolex WDG formu-
lation tested here was also a new product that has
not been field tested previously.
Sites
The four mosquito breeding sites used in these
experiments were located in a low income area of
Nonthaburi Province in the suburbs of Bangkok,
Thailand. All sites received wastewater from dwell-
ings that were raised on posts or pillars. Wastewater
accumulated in depressions both under the houses
and in open areas around the houses. There was a
great amount of solid waste in the water as well as
on the ground above the water line. Plastic con-
tainers and bags as well as plastic and glass bottles
and decaying plant wastes constituted the bulk of
the solid waste mass. Solid waste accumulation cre-
ated discontinuous water pools, some of them very
small and holding a few hundred ml of water. The
accumulated water came from washing clothes,
kitchen utensils, and household wares, from bathing
and showers, and, in some cases, from leaky or
broken sewers and septic tanks. Frequent rains dur-
ing the early part of the experimental period also
added water. At times, there was substantial precip-
itation that flooded the catwalks, the only access to
the communities and dwellings from paved city
streets. Because of the continuous addition of do-
mestic wastewater and rainwater, there was some
water flow into and out of the treated plots, but in
the absence of rain, the flow rate was minimal.
Thanausi community: This site, which consisted
of a ditch and pool extended under and around a
house, received wastewater from domestic sources.
The area treated with Vectolex CG and WDG
granules was about 50 m' . This site was treated 4
times, the first 2 treatments with Vectolex CG, and
the last 2 with the WDG formulation. Vectolex CG
was applied at the rate of 2 glmz on September 3
and October L7,1996. The WDG applications were
made on November 14 and December 11, 1996 at
the rate of O.25 glfiP, a lower dosage than that of
Vectolex CG because the WDG formulation pos-
sessed high potency.
Raevadee community: This site consisted of a
pool and depression under and around houses that
received wastewater from domestic uses. The area
treated with Vectolex CG and WDG granules was
about 100 m2. The Vectolex CG formulation was
used at the rate of 2 glr* in the first 2 treatments
made on September 3 and October 17, 1996. This
same area was then treated twice with the WDG
formulation at the rate of 0.1 g/m, and O.25 glm2
(lower dosages than that of Vectolex CG because
of the high potency of the WDG) on November 14
and December 25, 1996, respectively.
Wat Lannaboon community.' This site consisted
of a small ditch that opened into a larger area under
and beside houses. Again, wastewater from domes-
tic uses accumulated in this area. The total area of
the plot initially treated (only the ditch) was 50 mr;
it was treated twice at the rate of 0.5 g/m, of
Vectolex CG on September 5 and October 17,
1996. For the WDG treatments, the area was in-
creased to 1OO m2 and treated on November 14 at
the rate of 0.25 g/m2 and again on January 4, t997
at the rate of 0.5 g/m, of the wDG formulation.
Wat Tinnakornnimit: This site consisted of a
small pool of highly polluted water under and be-
side houses that received wastewater from the
dwellings and also contained a large amount of sol-
id waste and floating debris. An area of about 16
m2 was administered 2 treatments of Vectolex CG
at the rate of 2 glrfi on September 3 and 2O, 1996
and a 3rd txeatment of 1.6 glm2 on October 17,
1996. The WDG formulation was applied twice
(November 14 and December 11, 1996) atO.l glrrP.
Applications
The required amounts of the Vectolex CG corn-
cob granules were broadcast by hand as evenly as
possible. With this method of application, it was not
possible to treat water under the houses; only the
open accessible areas were covered. For assessment
of larval populations before and after treatment,
only the accessible areas were sampled.
The WDG granules were easily suspended in a
small amount of water in a hand-operated com-
pression spray tank. The tank was filled with 2-5 I
of water (depending on area of the plot) and man-
ually shaken. This action was sufficient to com-
pletely suspend the formulation in water with no
need for further agitation. The tank was pressurized
and the water suspension sprayed out through a T-
jet nozzle producing coarse spray. The spray stream
could be directed under the houses and could reach
1-2 m from the edge inward.
Sampling
Larval populations were sampled in all sites by
the standard dipping technique using a 40o-ml dip-
per and taking 5-10 dip samples at each site and
at each interval depending on plot size. Samples
were taken in a biased manner, sampling those
spots where mosquito larvae were noted in large
numbers. For counting, the contents of the dipper
were transferred to white plastic trays (15 X 30 X
4 cm deep), and the larvae were counted and cat-
egorized as lst and 2nd instars and 3rd and 4th
instars and pupae. The sites were sampled before
and at intervals (as shown in the figures) after fteat-
ment. When the counts of 3rd and 4th instars and
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Fig. 1. Evaluation of Vectolex CG@ of Bacillus sphaericus (strain2362) against larvae of Cukxquinquefasciatus
in domestic polluted waters in Thanausi community, Nonthaburi, Bangkok (1996).
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pupae resurged, reaching or exceeding the pretreat-
ment counts, the sites were retreated with the same
or different dosage or a different formulation. The
numbers of lst and 2nd instars, although counted,
are omitted from the figures because they are not a
good indicator of the level of control. Bacillus
sphaericus acts slowly on mosquito larvae, and lst
and 2nd instars can survive for 24-48 h before they
suffer mortality. This is especially true of lst in-
stars, which could have hatched a few hours before
assessment and would not have had a sufficient ex-
posure period.
RESULTS
Thanausi community: The lst treatment at the
rate of 2 glmt of Vectolex CG formulation pro-
duced complete control of late-instar larvae and pu-
pae for almost 28 days (Fig. l). Five weeks after
treatment, there was reappearance of 3rd- and 4th-
instar larvae, as well as pupae. This resurgence was
preceded by rains, which possibly flushed the treat-
ed site. The populations further increased, and the
site was then retreated with Vectolex CG at the
same rate.
The 2nd treatment of Vectolex CG produced
complete control of all immatures for 7 davs. On
the 7th day, heavy rains occurred, and the flushing
out of the treated site resulted in slight resrugence
of larvae 14 and 21 days after treatment, but the
pupal population was still low (Fig. l). One month
after this 2nd treatment, the larval and pupal pop-
ulations increased markedly, reaching or exceeding
the pretreatment populations, at which time the site
was treated with the WDG formulation.
The 3rd and 4th treatments were made with the
Vectolex WDG formulation at O.25 gnf (Fig. 2).
After the 3rd treatment, the immatures almost
reached zero 4 and 7 days posttreatment, but the
numbers of immatures increased slightly 14 days
posttreatment. Population recovery, especially 3rd
and 4th instars, was substantial 2l and 28 days
posttreatment, after which time the site was retreat-
ed with the 4th application of WDG. This treatrnent
markedly suppressed all immatures for 14 days, af-
ter which time there was some recovery of larvae.
Recovery was complete in 1 month, but the popu-
Iations declined 6 wk posttreatment. At this site, a
good number of larvivorous flsh (either Gambusia
or Poecilia, species not determined) prevailed in
the open water. Even with fish present, there were
heavy populations of mosquito larvae prevailing in
protected areas.
Raevadce community: This site supported heavy
populations of immature mosquitoes pnor to the lst
treatrnent. Vectol-ex CG treatrnent at the rate of 2
g/m2 suppressed the larval populations markedly, and
the pupal population reached zero 2 days after tfeat-
ment (Fig. 3). Nine days posttreaunen! the larval
populations increased slightly but were still consid-
ered low for this site, and the pupal population re-
mained negligible. By 15 days posttreatrnent, the lar-
val and pupal populations increased substantially.
This increase could have been a result of heaw rains(on the 9th day posttreannent) flushing out the site.
From 15 days to 6 wk posttreatrnent, populations of
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Fig. 2. Evaluation of WDG formulation of Bacillus sphaericus (starn 2362) against larvae of Culex quinquefas-
ciatus in domestic polluted waters in Thanausi community, Nonthaburi, Bangkok (1996).
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all immature stages, including the pupae, prevailed in
high numbers. At 6 wk posttreatnent, the site was
retreated at the same rate of Vectolex CG.
The 2nd treatrnent with Vectol-ex CG produced
complete control of immatures for 7 days posttreat-
ment. Soon after assessment, heavy rains occurred in
the area. Because of flooding and flushing of the treat-
ed site, there was slight recovery of all immature
stages 15 days posttreatment, but the density of im-
matures was co^cidered low for 15 and 21 days post-
treafrnent. Tttity days after this treafinent, populations
of immatwes increased further. This area as well as
additional contiguous area were treated with the
WDG formulation at 0.1 g/m' . This 3rd treatrnent
with WDG yielded excellent control of the immatures
up to 28 days posttreatrnent (Frg. a). Because of the
lack of precipitation, even this low dosage of WDG
yielded excellent control of larvae and pupae for 28
days. There was a marked recovery of the imrnatures
(especially 3rd and 4th instars) 33 and 4O days post-
treatrnent, when the site was administered the 4th
treatment using the WDG formulatiot at O.25 gnf .
This treatrnent produced a high level ofcontrol 7 days
posttreatment. Recovery of larval and pupal popula-
tions ensued 15 days posttreatment because of the
water flow from an adjacent canal with possible
movement of larvae and pupae into the plot and di-
lution of the B. sphaericas toxins.
This site also supported populations of larvivo-
rous fish that were active in the deeper, open parts
of the habitat. Despite their presence, this site har-
bored heavy populations of larvae prior to treat-
ment with B. sphaericus.
Wat Lannaboon conxmuniry.' This small site,
which consisted of a ditch that flowed continuously,
received water from upstream from a pool that ac-
cumulated water under and beside a house and
could not be treated. The lst treatment with
Vectolex CG at 0.5 g/m' yielded almost complete
--l- 3rd-4th Instars
-+- Pupae
control of all immature stages 4 days after treat-
ment (Fig. 5). Seven days after treatment, there was
slight recovery in the larvae, but the pupal popu-
lation remained zero. At 13 days posttreatment,
there was substantial recovery of all immature
stages, but they declined markedly 2l and 28 days
posttreatment. At 5 wk posttreatment, there was
heavy rainfall and the population recovered, and
after 6 wk. the site was retreated with the same rate
of Vectolex CG formulation.
The 2nd treatment at 0.5 g/m'  of Vectolex CG
produced almost complete control of all immatures
for up to 7 days, after which heavy rains occurred
(Fig. 5). No samples were taken at 14 days post-
treatment because flooding made the area inacces-
sible. The sampling at 2l days posttreatment still
showed low populations of larvae and pupae. The
last samples at 3O days posttreatment showed good
recovery of populations, which equaled the pre-
treatment level. This area as well as additional wa-
ter accumulations were then treated with sprays us-
ing the WDG formulation.
The 3rd treatment using the WDG formulation
at O.25 g/m'  provided good control for 4 days post-
treatment, but mediocre control was noted 7 days
posttreatment because the site was heavily flooded
by rains (Fig. 6). The populations increased further
at 14 and 21 days posttreatment, and the site was
retreated with WDG at O.5 glm2. This treatment
yielded almost complete control of immatures for
37 days posttreatment. Immature populations re-
mained very low for up to 48 days posttreatment
because there was little or no rain during this period
at this site.
This breeding source had a low level of larvi-
vorous fish populations. The fish were seen to swim
in the open parts of the habitat, leaving the larvae
to occupy protected and discontinuous niches.
Wat Tinnaktrnnimit community: This area con-
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Fig. 3. Evaluation of Vectolex CG of Bacitlus sphaericus (strain 2362) against larvae of Culex quinquefasciatus
in domestic polluted waters in Raevadee community, Nonthaburi, nangkok 11996;.
1st Treatmenl
sisted of a small pool of highly polluted wastewater
accumulated under houses. Prior to treatment with
Vectolex CG (2 glmr), the pool supported heavy
populations of mosquito larvae and pupae. Up to 1
wk posttreatment, all immatures were reduced to
very low levels. Slight resurgence occurred 13 and
15 days after treatment, and the site was retreated
with Vectolex CG at the same rate (Fig. 7).
The second treatment suppressed immatures
markedly although not completely for about 6 days(Fig. 7). There was some recovery 2 and 3 wk post-
treatment but notable recovery, of the immatures
3rd Trealmenl
WDG 0.10 g/m2
especially, after the rains occurred 4 wk posttreat-
ment, at which time the site was administered a 3rd
treatment at 1.6 g/m2 of Vectolex CG, which pro-
duced almost complete control of immatures for up
to 7 days and a high level of control of pupae for
up to 29 days (Fig. 7). Twenty-nine days after treat-
ment, there was slight recovery of the larvae, and
the area was sprayed with WDG formulation.
The 4th treatment with WDG formulation (0.1
g/m2) suppressed larval populations for 7 days (Fig.
8). Thereafter, the larval populations increased, and
the 5th treatment at the same rate of WDG was
4th Treatment
WDG0.25 g/m2
+
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Fig' 4' Evaluation of wDG formulation of Bacillus sphaericus (strain 2362) against larvae of Culex quinquefas-
ciatus in domestic polluted waters in Raevadee community, Nonthaburi, nangtot lteso;.
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Fig. 5. Evaluation of Vectolex CG of Bacillus sphaericus (slrain 2362) against larvae of Culex quinquefasciatus
in domestic polluted waters in Wat Lannaboon community, Nonthaburi, Bangkok (1996).
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made 28 days after the 4th treatment. This 5th treat-
ment suppressed late-instar larvae significantly, but
the pupal population was suppressed markedly for
15 days, after which period all immatures increased
in numbers.
This very small treated site was adjacent to larger
water accumulations under houses that could be treat-
ed 2 m inward at the most under the houses. En-
croachment of immatures from the adjacent untreated
area and flooding of the small fteated area by rains
2nd Treatment
VecloLex CG 0.5
up to the end of the 3rd treatrnent are possible reasons
for lower efficacy of the treatrnents at this site.
DISCUSSION
It is evident from these field experiments that B.
sphaericus formulations can provide excellent con-
trol of mosquitoes in polluted waters. The persis-
tence and longevity of efficacy to a large extent
depended on formulations, rate of application, and
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Fig. 6. Evaluation of WDG granular formulation of Bacillus sphnericus (strain 2362) against larvae of Culex
quinquefasciatas in domestic polluted waters in Wat Lannaboon community, Nonthaburi, Bangkok (1996).
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Fig. 7. Evaluation of Vectolex CG of Bacillus sphaericus (strun 2362) against larvae of Cukx quinquefasciatus
in domestic polluted waters in wat Tinnakornnimit community, Nonthaburi, Bingkok (1996).
extent of rains and flooding. Although some of the
sites supported low populations of larvivorous flsh,
the role of the fish in control of larvae seemed to
be minor. Even with fish present, these sites sup-
ported heavy populations of mosquito larvae prior
to treatment. The lst treatment with Vectolex CG
at the rate of 2 g/m, of the formulation provided
excellent suppression of mosquito larvae and pupae
for 28 days at Thanausi, after which period-there
was a significant population resurgence following
heavy rains. The 2nd treatment at the same rate ar
this site provided good control for only 14 days
because ofheavy rains (7 days posttreatment) flush-
ing out the site (Fig. 1). Similarly, the lst treatment
of Vectolex CG (2 glll.rP) at Raevadee provided ex-
cellent control but for only 9 days. On the 9th day,
the site was flooded by heavy rains, and the pop-
ulation tully recovered on the 15th day G'ig. j).
The 2nd treatment of Vectolex CG at the same rate
provided control for 15 days because heavy rains 7
days posttreatment again flooded this site (Fig. 3).
Another treatment with Vectolex CG (2 g/m2) of a
very small site (Wat Tinnakornimit) yielded excel-
lent control for 13 days; the 2nd treatment (the
same rate) at this site produced excellent control
for 3 wk, after which heavy rains caused decline in
4th Tr€atmont
WDG 0.1 g/mz {- 3rd-4th Instars
-G Pupae
40
sth Treatment
WDG 0.1 g/m2
+
Days posttroatment
Fig' 8' Evaluation of WDG formulation of Bacillus,sphaericus (strain2362) against larvae of Culex quinquefas-
ciatus in domestic polluted waters in Wat Tinnakornnimiicommunity, Nonthaburi, 
-Bangkok 
(1996).
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efficacy. A 3rd treatment with Vectolex CG (1.6
g/m' ) yielded excellent control for 15 days, after
which the efficacy declined somewhat as a result
of rains 7 days posttreatment (Fig. 7) but still kept
the immature population at a low level.
At one site (Wat Lannaboon) receiving a low-
dosage treatment of Vectolex CG (at 0.5 g/m' ), the
efficacy of this treatment lasted for only 7 days de-
spite the fact that there was no heavy rain (Fig. 5).
The 2nd treatment at the same rate also yielded a
high level of control for 7 days, and the efficacy
declined when the area was flooded and could not
be sampled 14 days posttreatment (Fig. 5). This
treated area was very small and was surrounded by
larger mosquito breeding areas that could not be
treated. It is likely that larvae and pupae moved
into the treated plot.
Various dosages of Vectolex CG can provide
various degrees of control depending on the site
and prevailing environmental conditions. In the
real-world situation, extent of control will vary be-
cause of these uncontrollable factors. It is evident,
nevertheless, that dosages in the range O.l-2 grrf
can provide eflective control. During the rainy sea-
son, lower dosages will be the method of choice
because no long-lasting control of larvae will be
expected. In the dry season when the habitat is
more stable, higher dosages for lasting control (for
a month or longer) should be employed.
The water dispersible granules (WDG) tested in
all 4 sites yielded variable results that were influ-
enced by dosage, characteristics of the sites, and
precipitation. TWo WDG treatments (O.25 g/m' ) at
Thanausi produced excellent control for 7-14 days
(Fig. 2). At Raevadee site, the lst WDG treatment
(0.1 g/m) yielded excellent control for 28 days,
whereas the 2nd treatment at the same rate gave
good control for 7 days only (Fig. 4). At 15 days
posttreatment, immatures increased because of
flooding from a canal. Even low dosages of the
WDG can provide control for I month or so where
there is little or no precipitation.
It should be pointed out that heavy rains, flood-
ing, and flushing of the treated sites reduce longev-
ity of control. It should also be noted that some of
the sites, such as Wat Lannaboon and Wat Tinna-
kornnimit, were small and were receiving water
from untreated areas upstream. It is possible that
immatures from the unffeated areas encroached
onto the treated plots.
It is also important to note that in using B.
sphaericus one should not attempt to get 1OO7o con-
trol because the existence of larvae aids in recy-
cling: the larvae seem to serve as manufacturers of
B. sphaericus spores. Once the larvae are complete-
ly annihilated, there will be little or no propagation
of this bacterial agent, and resurgence of immature
mosquitoes will follow. [t is therefore advisable to
employ moderate dosages rather than high dosages
of B. sphaericzs formulations and achieve moder-
ate to high levels (80-95Vo) of control rather than
to eliminate the total population. But it is equally
important to note that higher dosages are apt to give
longer control than lower dosages under certain
conditions.
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